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Introduction
• Parkinson’s disease (PD) patients exhibit dopaminergic (DA) 
neuron degeneration in the substantia nigra pars compacta 
(SNpc) and loss of associated terminals in the striatum, which 
results in motor deficits. 
• Loss-of-function gene mutations in PINK1 and Parkin (proteins 
relevant to mitochondrial quality control) have been identified in 
hereditary PD patients and show promise for PD animal 
models.1 
• However, both the single and combined knockouts of these 
genes resulted in neurodegeneration-resistant mice.2
• Without a reproducible PD mammalian model, previous studies 
have failed to observe the mechanisms of progressive 
neurodegeneration. 
• In male rats, only PINK1 (but not Parkin) knockouts induce motor 
deficits and nigral DA neuron loss at 30-50% penetrance.3
• Therefore, we created and characterized a PINK1/Parkin double 
knockout (DKO) rat that reproducibly (100% of males) exhibits 
PD-relevant pathology, including striatal nerve terminal 
bioenergetic deficits prior to significant motor impairments and 
DA neuron loss in the SNpc. 
• The objective of this study was to use mass spectrometry-based 
proteomics to identify the differentially expressed proteins in the 
striatal synaptosomes (a portion of which originate from the 
SNpc) of DKO rats to elucidate mechanisms underlying PD 
pathology and uncover potential therapeutic areas. 
Conclusion
• DKO rats exhibit impaired mitochondrial maximal respiration and spare respiratory capacity in striatal nerve 
terminals, which suggests that energetic failure may result from increased energy demands (i.e. 
neurotransmitter release). 
• Proteomics findings indicate decreased expression of mitochondrial proteins and neurotransmitter release 
proteins. 
• Together, these findings demonstrate deficient neuronal communication in DKO rats.
Results
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Methods
• Nerve Terminal Isolation
• Striata were dissected and homogenized.
• The supernatant was layered on top of a discontinuous       
dddPercoll gradient and centrifuged.
• Nerve Terminal Respiration
• The OCR of synaptic mitochondria in nerve terminals was 
ddddetermined with a Seahorse XFe96 analyzer.
• Injection of oligomycin (O), FCCP (F), rotenone R)/antimycin 
dd  A (A) allows for assessment of mitochondrial respiratory dd 
dd  parameters.
• Mass Spectrometry
• Peptides were prepared by trypsin digestion with the filter- dd 
dd  aided sample preparation method
• Encyclope DIA software was used to generate and search dd 
dd  the chromatogram library.4
• Computational Analysis
• Protein expression data was analyzed with the Cyber-T web 
dd  server, which uses a Bayesian regularized t-test and multiple 
dd  tests corrections.
• The web-based software DAVID and Ingenuity Pathway dd 
dd  Analysis identified altered protein pathways.
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Figure 1. Impaired mitochondrial bioenergetics in striatal 
synaptosomes from 3-month-old DKO rats. (A) Schematic 
representation of the bioenergetics profile used to evaluate 
mitochondrial function. (B-D) Striatal nerve terminals isolated from 
3-month-old wild-type (WT) and DKO rats were assessed on the 
Seahorse XFe96. Average OCR ± SEM for each group. (D) 
Mitochondrial respiratory parameters calculated as shown in (A). 
All values are expressed as the mean  SEM. Statistically 
significant, p < 0.05*, 0.001***.
Table 2. Gene Ontology (GO) Biological Process (BP) 
predicted to be altered based on significantly decreased 
proteins in DKO rats. Of the 947 proteins quantified in the 
striatal synaptosome samples, 615 were significantly decreased 
DKO compared to WT rats. DAVID Functional Annotation 
predicted the top GO BP terms based on this list of proteins.
GO: BP Term Benjamini
Neurotransmitter secretion 1.9E-11
Regulation of exocytosis 1.9E-10
Substantia nigra development 2.4E-9




Transit peptide: Mitochondrion 3.5E-12
Table 1. Functional Annotation Clustering predicted to be 
altered based on significantly decreased proteins in DKO 
rats. Of the 947 proteins quantified in the striatal synaptosome 
samples, 615 were significantly decreased DKO compared to WT 
rats. DAVID Functional Annotation Clustering predicted the top 
terms based on this list of proteins. Of note, only two proteins 
were significantly increased in DKO compared to WT rats, 
ACDSB and MOBP.
Figure 3. Synaptogenesis 
Signaling Pathway predicted 
to be downregulated in DKO 
rats. The top canonical pathway 
predicted by Ingenuity Pathway 
Analysis to be altered based on 
the list of 615 differentially 
expressed proteins. The 
chemical synapse is where 
communication occurs between 
presynaptic and postsynaptic 
neurons. Synaptogenesis 
involves the formation of new 
cell-to-cell contacts. Our 
proteomics shows decreased 
expression of proteins important 
for the presynaptic processes 
that maintaining the synaptic 
vesicle pool and exocytosis.
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